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Introduction
Snow cover represents an important phenomenon of water balance of forest ecosystems mainly in the mountainous areas, because in these parts, precipitation is temporarily accumulated in the solid state and, thus, transport of precipitation to soil environment is cut off (Minďáš, 2003) . The current increasing pressure on hydrologic resources, their quality and availability increases the demands on the precision of estimation of winter water supply accumulated in snow cover. Previous works (Hríbik et al., 2009 (Hríbik et al., , 2012 found that winter precipitation fixed in snow cover in Hučava watershed represents from 15 to 40% of the total annual precipitation. On one side, snow cover is an important source of water for vegetation, but on the other side, it represents a potential risk of spring floods. Field monitoring of snowpack properties such as snow water equivalent (SWE) is one of the possibilities how to determine the water amount accumulated in snow cover (Danko et al., 2004) . Forests and tree species composition of a watershed significantly affect the accumulation and duration of snow cover (Minďáš, 2003; Holko et al., 2009; Hríbik et al., 2012) . Elder et al. (1991 Elder et al. ( , 1998 and Jain et al. (2009) showed that snow accumulation and ablation is primarily controlled by atmospheric conditions, elevation and slope of the terrain. Important atmospheric processes affecting snow cover are precipitation, deposition, condensation, turbulent transfer of heat and moisture, radiative exchange and air movement. Land features influence snow accumulation by slope, aspect and shadowing properties. These factors act together and are related to each other (Luce et al., 1998; Jost et al., 2007) .
The goal of this work was on the base of the measurements during three seasons in the Hučava river watershed situated in the Biosphere Reserve Poľana:
• To compare the courses of the mean SWE values calculated for the whole watershed amongst the three winter seasons.
• To determine the average differences in mean seasonal SWE values between open areas and forest ecosystems dominated by Norway spruce and European beech.
• To identify and quantify the impact of aspect and elevation on the SWE in forest ecosystems and open areas of the watershed in accumulation and ablation periods of each winter season.
Material and methods

Study area
The research was performed in a small headwater watershed of the Hučavy flow (41.2 km 2 ), which is situated in the Poľana Mts. (Slovakia, Central Europe, Inner Western Carpathians). The Poľana Mts. is the highest volcanic mountain range in Slovakia in which the elevation ranges from 460 to 1.458 m a.s.l. A large area of the examined part of the watershed (94%) belongs to the Poľana Biosphere Reserve (BR) (Fig.1 , part of UNESCO World Network of Biosphere Reserves). According to the zonation of BR, 29.4% of the watershed is in the transition zone, 58.9% is in the buffer zone and 5.7% is in the core zone. The core zone encompasses all most important protection areas (left to self-regulation processes), the buffer zone protects the core area against the surrounding influences (management is subject to nature protection) and the management activity in the transition area should be in accordance with the interests of nature and landscape protection. Forest cover of the watershed is 81.6% (33.6 km 2 ), permanent grassland cover 18.5% and arable land and settled area cover 0.2%. Forest stands of the watershed occur in four forest elevation zones (beech -fourth forest elevation zone (FEZ); fir-beech -fifth FEZ; spruce-fir-beech -sixth FEZ; and spruce -seventh FEZ). The most common tree species is spruce (45.4%) followed by beech (35.6%), sycamore maple (6.8%) and fir (5.0%). Other tree species (predominantly broadleaved) make together 7.2% (Kadlec, Kovář, 2008) . Beech forests are predominant at southern aspects, whilst mixed forests with beech, fir and spruce prevail in the parts with the northern aspect. The natural tree species composition is more preserved at higher elevations, whilst at lower elevations, tree species composition has been substantially changed. The Poľana Mts. were created by tertiary activities. It represents an eroded form of a volcano -stratovolcano. Its massif consists of Neogenic volcanic rocks, resistant andesites and rhyolites and softer volcanic clastic andesites in tuff and tuffite development (Dublan, Jánošová, 1991) . Gömöryová et al. (2006) present that saturated and unsaturated Cambisols are the most common soil types. Andosols occur in the highest parts of the mountains. At one-third of the area, soils contain allophane, which causes high production of forest stands. From the climatological point of view, Poľana watershed belongs to a slightly warm (slightly warm, very moist, upland district) and a cool climatic region (slightly cold and cold mountainous district). The average annual air temperature at the BR area fluctuates from 3 to 5 °C. January and February are the coldest months, and July and August are the warmest months. Average annual precipitation totals are from 600 to 900 mm, and they are 1,100 mm at the top of the Poľana Mts. (1.458 m a.s.l.). On an average, snow cover is formed from the third decade of October and lasts until the end of April. In Poľana, snow cover occurs on 130 days per year, on an average (Škvarenina, Minďáš, 2002) .
Snow survey
For data collection, we used a classical, standard snow survey measurement technique (Anderton et al., 2002) . It is based on the measurement of SWE along transects at regular intervals. In the watershed area of the river Hučava, 13 research plots (576−1.275 m a.s.l.) were established at elevation intervals of 100 m (7 plots in northern aspect and 6 plots in southern aspect; Fig. 1 ). At each research plot, we assessed SWE along three transects (Table 1 ). The first transect was located in a forest dominated by Norway spruce (Picea abies (L.) Karst.), the second in a forest dominated by European beech (Fagus sylvatica L.) and the third in an open area. The description of the research plots is presented in Table 1 . In total, 39 transects were measured in the watershed. Ten SWE values were measured on each transect. A manual mass method (Durand, 2011) was used to measure the SWE. The measurements were performed during three winter seasons (from 2012−2013 to 2014−2015) in approximately biweekly intervals. The measured data were evaluated for the whole season or for the periods of the season (snow accumulation period, peak of snow accumulation and ablation period). 
Data analysis
A paired t-test was used for the statistical comparison of the paired samples (measurements) to determine whether the mean of the differences between the two paired samples differed from zero. Prior to the comparison, the paired zero values were excluded from the samples. As the p-value for this test was less than 0.05, we could reject the null hypothesis at 95% confidence level. Each mean value is presented with its standard error (mean ± SE). The relationship between the dependent and independent variables was tested by a simple linear regression. Statistical significance of the linear relationship was tested with analysis of variance at 95% significance level. If p-value was equal to or greater than 0.05, the relationship was not significant. The strength of the linear statistical relationship is quantified by the value of Pearson correlation coefficient (r). Elevation gradients of SWE were deduced from the linear models as their regression coefficients. Linear models (SWE vs. time) were also used to calculate the ablation rate values. All analyses were performed using Statgraphics Centurion XVI software (Version 16.1.11).
Results
SWE measurements were performed during the three winter seasons (from 2012−2013 to 2014−2015) . Each season was divided into a period of snow accumulation, a period with the first (1.3. 13, 16.12.13, 11.2.15 ) and the second peaks (2.4.13, 31.1.14, 9.4.15) and a snow T a b l e 1. Description of 13 research plots (7 with northern aspect and 6 with southern aspect). At each plot, SWE was measured on a transect situated in a forest dominated by Norway spruce (Ns), in a forest dominated by European beech (Eb) and in an open area (Oa). (Fig. 2) . For the statistical analyses, we used one peak for each season as an average of the first and second peaks. The studied winter seasons were highly variable in SWE (Fig. 2) . According to our monitoring, the duration of snow cover in the snow-rich winter of 2012−2013 was 145 days and the whole watershed mean peak SWE value was 157.7 ± 11.2 mm. The duration of the snow cover in the winter 2014−2015 was 82 days and the mean peak SWE value was 69.3 ± 5.2 mm. In the snow poorest winter of 2013−2014, the snow cover lasted only 46 days and the mean peak SWE value was 13.5 ± 1.7 mm. In that winter season, the duration of snow cover was more than three months shorter and the value of the mean peak SWE was lower by about 144 mm (91.4%) compared to the season 2012−2013. The three-season, whole watershed peak SWE value was 80.2 ± 5.7 mm (Fig. 2) . 
Northern aspect
Effect of forests
Forest ecosystems significantly decreased SWE on the ground in the winters 2012−2013 and 2014−2015 (Table 2 ). In the season 2013−2014, total solid precipitation was too low to prove the significant effect of forests. The difference in seasonal, whole watershed mean SWE values was evident mainly between the open areas (Oa) and the forests dominated by Norway spruce (Ns) than between forests dominated by European beech (Eb). If we take Oa as a reference plot (100%), the seasonal mean SWE value in Ns and Eb was lower, on an average, by 50-60% and 21-30%, respectively, in every of the monitored seasons (Fig. 2 , Table 2 ). The greatest whole-season difference between Oa and Ns equal to 57.1 ± 9.1 mm was recorded in the winter 2012−2013 (Table 2a) .
Impact of aspect
Aspect has a significant impact on the SWE values in the watershed. Mean SWE in Ns, Eb and Oa was usually higher on the slopes with northern aspect than on those with southern aspect (Fig. 3 , valid for 2012−2013 and 2014−2015 seasons). The exceptions were only five dates in the ablation period in the forest ecosystems dominated by Norway spruce (Fig. 4) . This phenomenon was most probably caused by the micro-climate of the specific spruce stands with high canopy cover. In the season 2013−2014, total solid precipitation was too low to see and confirm the significant effect of aspect. The paired comparison of mean SWE values (a paired t-test) of 13 research plots with northern and southern aspects showed the highest statistical differences in the open areas and in the forests dominated by European beech (Table 3) . The strength of the linear relationship is expressed by the value of the Pearson correlation coefficient -r (1 -strongest, 0 -no correlation), and the significance of the relationship is indicated by p-value (p-value is underlined if the relationship is statistically significant). In the season 2013-2014, the accumulation period was equal to the peak.
T a b l e 3. Mean SWE values on the northern and southern slopes of the watershed in the period of snow accumulation, peak of snow accumulation and ablation period. The zero-paired values were excluded from the calculation of the mean difference (N-S) between SWE measured at the northern and the southern research plots. The calculation of the relative difference assumes that the value for the northern aspect is 100%. The statistical results revealed the weakest impact of aspect in the forests dominated by Norway spruce.
2012-2013
In each season, the percentage difference between the mean SWE on the northern and the southern slopes increased starting from the accumulation period through the peak of snow accumulation up to the ablation period when the difference was greatest (Table 3) . The values of the differences followed the same trend. The greatest average differences between the northern and southern aspects were recorded in the open areas of the watershed to the end of the winter sea-sons (Fig. 3) . The mean SWE values calculated from the measurements on the north facing slopes were considered as the reference values (100%). The mean SWE (in the ablation period) in the Oa at the southern slopes was lower by 36-66% compared to the northern slopes; the differences were from 12 to 66% lower in the Eb and from 34 to 63% lower in the Ns (Table 3 , three-season variability).
Impact of elevation
Elevation affects SWE. SWE increased with the increasing elevation in all three seasons in the accumulation and ablation periods and also in the peak of the winter seasons (Fig. 4) . The highest SWE values were recorded at the research plots situated at the highest elevations. The relationship between SWE and elevation was described using linear models, whilst their correlation coefficients indicated relatively strong relationships between the variables. In the ablation period, the strength of the relationship was the lowest. The relationship was significant (if p-value is <0.05) in all three seasons in the period of snow accumulation with the peak of the season and in the ablation period of snow cover. The statistical significance was not proved only in the poor snow season 2013−2014, in the ablation period of the forest dominated by Ns. In that period, there was so little snow in the forest that the generally strong relationship between SWE and elevation was not significant.
The equation of the linear regression model is y = bx + a. In our case, b (regression coefficient) indicated a modelled value of elevation gradient of SWE per 1 m of elevation. The increasing mean SWE value with the elevation was obvious in all three seasons (Fig. 4) . The lowest value of gradient was always found in the ecosystems dominated by Ns, and the highest value was always in the open areas of the watershed, whilst the gradient of the ecosystem dominated by Eb was in between. The three-season mean value of SWE elevation gradient (per 100 m) in the peaks of the seasons was 16 mm in Ns, 20 mm in Eb and 26 mm in Oa. The greatest gradient value of 46 mm per 100 m of elevation was found in Oa in the peak of the snow-rich season 2012−2013. As the value of the elevation gradient increases, the spatial variability of SWE in the watershed also increases. The greatest variability of mean SWE values at the research plots was found in the snow-rich season 2012−2013.
Discussion
Snow cover duration, depth and water equivalent (SWE) are the three major snow cover characteristics (Bulygina et al., 2009) . SWE represents the amount of water that will be available for the surrounding watershed environment during spring melt (Durand, 2011) . SWE has a great interannual variability at a large scale of the Northern hemisphere (Brown, 2000; Peng et al., 2013) but in Europe also at local scales of the Pyrenees (Lopez-Moreno, Vicente-Serrano, 2007), the Alps (Beniston, 1997; López-Moreno et al., 2015) and the Carpathians (Hríbik et al., 2009 ). We confirmed large three-season inter-annual variability in snow cover duration and mean peak SWE in the mountains of the Inner Western Carpathians. The comparison of the snow richest and poorest winter seasons showed the difference in their snow cover duration of more than three months and 91.4% difference in the mean peak SWE.
The spatial-temporal variability of snow cover characteristics has a significant effect on local ecology (Litaor et al., 2008) and hydrology (Balk, Elder, 2000; Lundquist, Dettinger, 2005; Bavay et al., 2013) . At the watershed scale, the variability of SWE is mainly influenced by topography, elevation, aspect (Anderton et al., 2004) and vegetation (Winkler et al., 2005) . Forest cover decreases SWE and snow melt rate compared to open areas by changing the snowpack energy balance (Essery et al., 2008) and interception (Bartík et al., 2014) . We found significantly lower means and seasonal SWE values in the forests compared to the open areas. The difference was evident mainly between the open areas and the forest dominated by Norway spruce (Ns) (50-60%, on an average), and it was less evident for the forest dominated by European beech (Eb) (21-30%, on an average). Kuz'min (1960) revealed similar results, as he found that the mean peak SWE in spruce forests is 10-60% lower than that in open areas. Other studies Pomeroy et al., 1998) showed that 40-60% of the total annual snowfall can be intercepted by coniferous forest cover. Generally, SWE on the ground decreases with the increasing leaf area and canopy density during the winter season (Pomeroy et al., 2002) .
Topography strongly influences snow distribution . The effect of aspect on snow accumulation and ablation depends on the exposure to solar radiation. Higher SWE values are expected on slopes with northern aspects (in the northern hemisphere) because of the reduced melting and sublimation rates (Golding, Swanson, 1986) . Our results showed a general tendency of higher SWE values on north-facing slopes compared to south-facing slopes. This tendency was more obvious in the open areas and the forests dominated by Eb than in Ns forest. The probable reason is that the high spruce canopy cover protects the snowpack from incoming solar radiation, resulting in lower melting rate (Pomeroy et al., 2002; Talbot et al., 2006) . The percentage difference in SWE between the north and south was the lowest in the accumulation period after which it was increasing and reached its maximum in the ablation period. The difference in the ablation period varied from 12 to 66%. D´Eon (2004) and Jost et al. (2007) revealed that less snow was accumulated on the southern compared to northern aspects in different elevation ranges.
Precipitation usually increases with elevation (Roe, Baker, 2006; Liu et al., 2011) . The magnitude of snowfall also increases with the increasing elevation resulting in the increase of snow depth and SWE (Lopez-Moreno, Stähli, 2008; Grünewald, Lehning, 2011) . We confirmed strong positive relationships of SWE with elevation in all three seasons in the accumulation, ablation period and also the peak of the winter seasons. The statistical significance was not proved only in the snow poor season but also in the ablation period of the forest dominated by Ns. The reason was high canopy interception of the coniferous spruce forest ecosystem resulting in significantly decreased SWE. The values of the elevation gradient were always lowest in the ecosystems dominated by Ns, whilst in the ecosystems dominated by Eb, the gradients were higher and the highest values were found at the open areas of the watershed. The three-season mean value of SWE elevation gradient (per 100 m) in the peaks of the seasons was 16 mm in Ns, 20 mm in Eb and 26 mm in Oa. Toews and Gluns (1986) found out the increase of 11−15 mm of SWE per 100 m in forested sites and 21−27 mm for open sites along elevation gradients. Kirchner et al. (2014) also found a positive elevation gradient, although with a sharp decrease in the highest elevations. A similar pattern was identified by Holko (2000) in Slovakia (Nízke Tatry Mts.) where it was explained by the wind exposure of the summit zone. Wind redistributes snow from the top of the hills (Trujillo et al., 2007; Lehning et al., 2008) . We cannot confirm this pattern in the Poľana Mts. (Slovakia) be-cause of the absence of the zone above the upper tree line where wind plays a major role for snow deposition and redistribution. Hence, on the contrary, we always found the highest SWE values at the research plots situated at highest elevations both in open areas and in forest ecosystems.
Conclusion
The three winter seasons from 2012−2013 to 2014−2015 were highly variable in the snow cover duration and the mean peak SWE. In the snow poorest season 2013−2014, the duration of snow cover was more than three weeks shorter and the mean peak SWE was lower by about 91.4% compared to the snow-rich season 2012−2013. Forest ecosystems at the watershed scale significantly decreased the SWE over the seasons. The mean seasonal SWE value was lower by 50-60% in the spruce forest and by 21-30% in the beech forest compared to the open areas (100%). The topography of the watershed plays also an important role in the spatial distribution of SWE. On the north-facing slopes, the SWE was normally higher compared to the south-facing slopes. The impact of aspect increases from the accumulation period through the peak of snow accumulation up to the ablation period when the difference was greatest. The difference between the north-and south-facing slopes varied from 12 to 66% in the ablation period. In the spruce forest, the difference was significantly lower than that in the beech forest and the open areas of the watershed. Elevation is another factor of the watershed topography. We found strong positive relationship between SWE and elevation. SWE increased with elevation to the upper zone where it reached its maximum. The three-season mean value of SWE elevation gradient (per 100 m) was in the peaks of the seasons and was equal to 16 mm in the spruce forest, 20 mm in the beech forest and 26 mm in Oa. The value of the elevation gradient decreased due to the high canopy cover of the spruce forest and in the snow-poor winter season. From the research results, we can conclude that the forest ecosystems significantly decrease the SWE but their impacts depend on the dominance of deciduous or coniferous tree species. In addition, the effect of forests depends also on the topographic characteristics (aspect and elevation) of a watershed. We can conclude that in the forested mountainous watershed, there is a lower risk of spring flooding from snow melt because of the evident decrease in SWE on the ground under the forest canopy. Hence, the highly forested Biosphere Reserve Poľana is protected against the extreme flooding events originating from snow melting.
